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Background. 'Women diagnosed with cervical cancer report longer duration and more recent use of combined
oral contraceptives (COCs). It is unclear how COC use impacts risk of cervical carcinogenesis.

Methods. We estimated the risk of new human papillomavirus (HPV) DNA detection and persistence among
1135 human immunodeficiency virus (HIV)—negative women aged 20-37 years from Thailand who were followed
for 18 months at 6-month intervals. Type-specific HPV DNA, demographic information, hormonal contraceptive
use, sexual behavior, genital tract coinfection, and Papanicolaou test results were assessed at baseline and each
follow-up.

Results.  'Women who reported current COC use during follow-up were less likely to clear HPV infection compared
with nonusers, independent of sexual behavior, and Papanicolaou test diagnosis (AHR: 0.67 [95% CI: .49-.93]).
Similar associations were not observed among women reporting current use of depomedroxyprogesterone acetate

(DMPA). Neither COC nor DMPA use was significantly associated with new HPV DNA detection.

Conclusions.

These data do not support the hypothesis that contraceptive use is associated with cervical cancer

risk via increased risk of HPV acquisition. The increased risk of HPV persistence observed among current COC
users suggests a possible influence of female sex hormones on host response to HPV infection.

The risk of human papillomavirus (HPV)-associated
cervical cancer has been shown to be significantly higher
among women reporting longer (>5 years) and more
recent use of combined oral contraceptives (COCs) [1, 2].
Multiple theories have been advanced to explain the
association between long-term oral contraceptive use
and cervical cancer risk, including increased risk of
high-risk (HR) HPV infection among oral contracep-
tive users, a direct carcinogenic effect of estrogen and
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progesterone by upregulation of viral oncogene ex-
pression [3-8], and the ability for estrogens to promote
tumor growth and persistence [9-12].

We have previously reported that COC use for
>6 years was associated with increased HPV pre-
valence in a cohort of women aged 20-37 years in
Thailand [13]. The increased risk associated with
prevalent infection suggests that long-duration COC
use increases the risk of HPV acquisition, HPV persis-
tence, or both. The current study aims to evaluate these
alternatives by estimating the risk of new HPV detection
and HPV clearance in the same population of Thai
women during 18 months of semiannual follow-up.

METHODS

Study Population and Enroliment

Women attending family planning clinics in northern
(Chiang Mai), northeast (Khon Kaen), central (Bang-
kok) and southern (Songkhla and HatYai) Thailand
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between 2002 and 2003 were recruited into a prospective study
to assess the natural history of HPV and cervical intra-
epithelial neoplasia grade 2/3 (CIN 2/3), and were between 20
and 37 years of age. These women were originally enrolled in
a study designed to evaluate the effects of hormonal contra-
ceptive use on HIV acquisition (HC-HIV). Selection criteria
are described in detail elsewhere [14]. Briefly, inclusion cri-
teria for enrollment in the HC-HIV study were as follows: (1)
HIV negative, (2) not pregnant, (3) intact uterus, (4) used
some form of contraception within 3 months prior
to enrollment, and (5) willing to adhere to self-selected
contraceptive method for at least 1 year of follow-up. Among
women who participated in the HC-HIV study, 79% were
reconsented for inclusion in the extension study (n = 1256).
The study protocols were reviewed and approved by the
committees on human subject research at Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD; Merck
& Co. Inc., West Point, PA; each participating recruitment
site; and the Institutional Review Board of the Thailand
Ministry of Public Health (MoPH), Thailand.

At enrollment and each follow-up visit, information on soci-
odemographic characteristics, sexual risk behavior, reproductive
and contraceptive history, current contraceptive use, self-reported
medical history, and woman’s report of the sexual behavior of
her partner was collected at each study site by trained inter-
viewers using a standardized questionnaire.

Sexual behavior variables measured include age of sexual
debut, lifetime number of sexual partners number of recent
sexual partners, recently acquired new sexual partners, primary
partner sexual risk behaviors, lifetime and recent commercial
sex work, frequency of sexual intercourse and frequency of
male/female condom use per sexual act. Reproductive in-
formation including recent pregnancy and total number of
live births was collected. There was little variability in the
formulation of hormonal contraception used among the
study participants. Therefore, contraceptive use was broadly
classified as (1) combined low-dose oral contraceptives (COCs),
(2) depomedroxyprogesterone acetate (DMPA), or (3) non-
hormonal contraceptive use and nonuse (NHC). Current use
and duration of use prior to enrollment for each category of
hormonal contraception was assessed.

Laboratory-confirmed sexually transmitted infections (STIs)
during the 2 years prior to study enrollment (ie, STIs diagnosed
in the HC-HIV parent study) included gonorrhea (GC), chla-
mydia (CT), syphilis, and trichomoniasis.

Physical Examination and Specimen Collection

At enrollment and at each 6-month follow-up, each participant
underwent a pelvic examination. Exfoliated cervical cells were
collected using a cytobrush and placed in PreservCyt for
Thinprep liquid-based cytology. Bacterial vaginosis was diag-
nosed based on the Amsel criteria [15]. Cervical ectopy was

identified at the 6-, 12-, and 18-month follow-up visit by
clinical assessment of the cervical transformation zone after
application of acetic acid. Diagnosis of current CT and/or GC
from ectocervical mucus specimens was performed using the
Roche Amplicor assay per manufacturer’s instructions (Roche
Molecular Systems). At enrollment and each 6-month follow-up,
an endo-/ectocervical swab specimen was collected for HPV
DNA genotyping using a Dacron swab stored in specimen
transport medium (STM; Digene), stored at —20°C until testing.
All Papanicolaou test specimens were read by trained cytopa-
thologists (Covance). Cytological smears were classified according
to the Bethesda system [16]. Participants with a Papanicolaou
test of atypical squamous cells of undetermined significance
(ASC-US) or more severe diagnosis were referred for colposcopic
examination, with biopsy and treatment as indicated.

HPV DNA Testing
All HPV DNA testing was performed on cervical cell samples
stored in STM at Johns Hopkins University, Baltimore, Mary-
land. DNA was extracted using the QIAamp DNA Blood Kit
(Qiagen) according to manufacturer’s instructions with modi-
fication. After extraction, 8 uL DNA (4% of total volume of
extracted DNA) was tested using the Roche HPV Linear Array
PCR assay (Roche Diagnostics). The HPV Linear Array is based
on the PGMY09/11 primer system that allows for high-efficiency
amplification of >40 types of HPV [17, 18]. The quality and
validity of the extracted DNA specimen was assessed by in-
clusion of B-globin gene-specific primers in the polymerase
chain reaction (PCR). Only specimens with detectable 3-globin
were used in this analysis.

HPV types considered to be high risk (HR-HPV) for this
analysis included types 16, 18, 31, 33, 35, 39, 45, 51, 52, 55, 56,
58, 59, 68, 73, and 82 [19, 20].

Statistical Analysis

The outcomes of interest for this analysis were new detection
and clearance (ie, loss of detection) of type-specific HPV in-
fection. The primary exposure in this analysis was current use
of hormonal contraceptive, categorized as either “COC” or
“DMPA” compared with NHC during the same interval.
Duration of prior use was categorized into “never,” “<4 years,”
“4—6 years,” and “>>6 years” based on the observed distribution
of responses, as well as the previously observed associations
of hormonal contraceptive use and cervical cancer [21].

New detection of HPV was defined as the first positive result
at a given follow-up visit after a negative result for the same HPV
type. Correspondingly, clearance was defined as the first neg-
ative PCR result after either prevalent or new HPV infection.
In the new detection analysis, the change in HPV PCR status
between a given follow-up visit (t) and the previous visit (t — 1)
was assessed using visit-pairs as the unit of analysis [22]. In
the analysis of clearance, women could contribute 1 or more
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HPV infections; therefore, HPV type-specific infections in-
stead of individuals were used as the unit of analysis. For both
analyses, type-specific infections were analyzed in groups
categorized as any HPV and any HR-HPV infection.

Generalized estimating equations for binary outcomes with
a logit link were used to estimate odds ratios for the association
of current hormonal contraceptive use on new detection of HPV
[23]. The potential correlation of repeated measures of HPV
status and contraceptive use within the same woman was taken
into account by defining an exchangeable correlation structure
within the regression model.

Cox proportional hazards models were constructed to eval-
uate the association of current hormonal contraceptive use on
clearance of type-specific HPV infection. The origin of this
analysis was the visit of first HPV detection. Women who re-
mained HPV positive at the end of follow-up were censored at
that visit. Women with histological diagnosis of CIN 2/3 during
follow-up were censored at the visit of diagnosis. Hazard ratios
<1.0 indicate a decreased risk for clearance or conversely, an
increased risk for viral persistence.

A multivariate model for each analysis was constructed using
backward stepwise removal. Covariates having a P value < .1 by
univariate analysis were considered for inclusion in the multi-
variate model. If, upon removal, the covariate showed a >10%
change in the effect size of the primary exposure and outcome
association or had a P value of < .05, the covariate was retained
in the final model. All analyses were conducted using STATA 11
(Stata).

A total of 1256 women were enrolled for follow-up and
contributed a total of 4876 visits. Twenty-one women (1.7%)
contributed only a single visit and were therefore excluded from
the analysis due to being lost to follow-up. There were 11 women
with CIN 2/3 at enrollment who were excluded. In order to
better control for the potential effects of unmeasured sexual
behavior on virologic outcomes, women engaging in commercial
sex work in the 6 months prior to enrollment (n = 42) or during
follow-up (n = 8) were also excluded from the analyses. Ad-
ditionally, women with missing parity information (n = 33)
and bacterial STI information (n = 1) at enrollment and
follow-up (n = 5) were excluded. Therefore, 1135 women
contributed a total number of 4327 visits to the analysis of new
HPV detection and clearance. The mean follow-up time was
16.6 months (*1.5) with a mean interval of 5.5 months (+0.89)
between visits.

RESULTS

Study Population

The mean age at enrollment of the study population was
29.6 years (+4.3). Among women included in the analysis, 376
(33.1%), 331 (29.2%), and 428 (37.7%) reported using COC,
DMPA, or NHC, respectively, in the 6 months prior to

enrollment (Table 1). Women who reported using DMPA or
COC compared with nonhormonal methods or no contra-
ception were more likely to be younger (P < .001), to report
a single live birth prior to enrollment (P < .001), to report
a single sex partner in the last 6 months (P < .001), and to have
used their current hormonal contraceptive method for >6 years
(P < .001). Women using COCs were less likely to report >1
sexual partner in the last 6 months (P = .001). Both DMPA
(P =.009) and COC (P = .016) users were less likely to report
use of male condoms in the 6 months prior to enrollment
compared with women reporting NHC. Women who reported
using DMPA or COC compared with NHC were less likely to
be from the northeast study site (P < .001), and to be di-
agnosed with bacterial vaginosis at enrollment (P = .007). There
was no difference in cytological diagnosis at enrollment, smoking
history, or previous history of GC, CT, or syphilis across con-
traceptive groups. Women who reported DMPA use at enroll-
ment were more likely to have Papanicolaou test results of
ASC-US or high-grade squamous intraepithelial lesions (HSIL)
compared with women reporting use of nonhormonal methods
(P = .016). Women who reported COC use at enrollment were
more likely to be diagnosed with cervical ectopy at their 6-month
follow-up visit (P = .006).

Hormonal Contraception and New Detection of HPV

The 1135 study participants contributed a total of 3376 visit-
pairs to the analysis of new detection of HPV. Among these
visits, 269 (8.0%) and 157 (4.7%) contained new detection of
any type-specific HPV and any type-specific HR-HPV infection,
respectively.

Newly detected HPV was more common among women re-
porting use of COCs since the last visit compared with NHC
users (P = .011) in univariate analysis (Table 2; Figure 1). After
adjustment for age, study site, number of lifetime and recent
sexual partners, having a new sexual partner, concurrent di-
agnosis of bacterial vaginosis, and duration of COC and DMPA
use, the association between newly detected HPV and COC use
was attenuated and lost statistical significance (P = .125). Use
of DMPA was not found to be associated with newly detected
HPYV infections in either univariate or multivariate analysis.
Similar observations were observed after restriction to incident
HR-HPYV infections only.

Hormonal Contraception and HPV Clearance

Three hundred seventy-nine women contributed a total of
544 infections among which 346 (63.6%) cleared (lost detection)
during follow-up. Among all infections, 273 (50.2%) were HR
and 174 (63.7%) HR infections cleared during follow-up.

In univariate analysis of all HPV infections, women using
COC were less likely to clear their infections as compared with
NCH users (P = .048; Table 3; Figure 2). The direction, strength,
and significance of the association remained when the analysis
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Table 1. Baseline Characteristics of Study Participants by Contraceptive Use at Enroliment

Variable NHC (n = 428) n (%) DMPA (n = 331)n (%) Pvalus’ COC(n=376)n (%) Pvalue’
Age
<26 36 (8.4) 90 (27.2) P < .001 80 (21.3) P < .001
26-30 137 (32.0) 108 (32.6) 156 (41.5)
31-33 110 (25.7) 73 (22.1) 84 (22.3)
34-38 145 (33.9) 60 (18.1) 56 (14.9)
Study site
North (Chiang Mai) 153 (35.8) 114 (34.4) P = .003 149 (39.6) P < .001
Northeast (Khon Kaen) 140 (32.7) 75 (22.7) 45(11.9)
South (Songkhla and Hat Yai) 81 (18.9) 93 (28.1) 114 (30.3)
Central (Bangkok) 54 (12.6) 49 (14.8) 68 (18.1)
Total no. of live births
0 7 (1.6) 1(0.3) P < .001 14 (3.7) P < .001
1 107 (25.0) 212 (64.1) 247 (65.7)
>1 314 (73.4) 118 (35.7) 115 (30.6)
Duration of COC use prior to enrollment
Never 92 (21.5) 93 (28.1) P=.028 0 (0) P < .001
<4 years 260 (60.8) 201 (60.7) 116 (30.9)
4-6 years 67 (15.7) 34 (10.3) 189 (50.3)
>6 years 9(2.1) 3(0.9) 71 (18.9)
Duration of DMPA use prior to enrollment
Never 150 (35.1) 0 (0) P < .001 105 (27.9) P < .001
<4 years 237 (55.4) 95 (28.7) 196 (62.1)
4-6 years 38 (8.9) 188 (56.8) 1(18.9)
>6 years 3(0.7) 48 (14.5) 4(1.1)
Male condom use L6M
No 340 (79.4) 287 (86.7) P = .009 323 (85.9) p=.016
Yes 88 (20.6) 44 (13.3) 53 (14.1)
Age of sexual debut
>20 175 (40.9) 129 (38.9) P = .401 140 (37.2) P = .286
17-19 198 (46.3) 148 (44.7) 174 (46.3)
<17 55 (12.9) 54 (16.3) 62 (16.5)
No. of lifetime partners
1 318 (74.3) 2565 (77.0) P= 215 262 (69.7) P=.116
2 55 (12.9) 47 (14.2) 70 (18.6)
8 25 (5.8) 17 (5.1) 16 (4.3)
=4 30 (7.0) 12 (3.6) 28 (7.5)
No. of partners L6M
0 19 (4.4) 6(1.8) P=.129 1(0.3) P < .001
1 407 (95.1) 323 (97.6) 374 (99.5)
>1 2 (0.5) 2 (0.6) 1(0.3)
New partner L12M
No 406 (99.3) 319 (98.2) P=.174 372 (99.2) P= 915
Yes 3(0.7) 6 (1.9) 3(0.8)
Smoked cigarettes L6M
No 418 (97.7) 317 (95.8) P=.139 366 (97.3) P =769
Yes 10 (2.3) 14 (4.2) 10 (2.7)
Cytology at enrollment
Normal 394 (92.1) 296 (89.4) P = .603 345 (91.8) P = .683
Inflammation 3(0.7) 6 (1.8) 6 (1.6)
ASC-US 15 (3.5) 15 (4.5) 15 (3.9)
LSIL 13 (3.0) 11 (3.3) 8 (2.1)
HSIL 3(0.7) 3(0.9) 2 (0.5)
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Table 1 continued.

Variable NHC (n = 428)n (%) DMPA (n=331)n(%) Pvalue’ COC(n=2376)n (%) Pvalue’
Worst cytology at follow-up
Normal 349 (81.5) 239 (72.2) P=.016 286 (76.1) P =107
Inflammation 7 (1.6) 9(2.7) 12 (3.2)
ASC-US 36 (8.4) 47 (14.2) 42 (11.2)
LSIL 26 (6.1) 20 (6.0) 19 (6.1)
HSIL 10 (2.3) 16 (4.8) 17 (4.5)
Bacterial vaginosis at enrollment
Negative 397 (92.8) 322 (97.3) P = .006 363 (96.5) P=.019
Positive 31(7.2) 9(2.7) 13 (3.5)
Prior STI infection®
No 368 (85.9) 280 (84.6) P = 591 317 (84.3) P = 505
Yes 60 (14.0) 51 (15.4) 59 (15.7)
Cervical ectopyd
No 319 (74.5) 220 (79.8) P = .091 212 (65.7) P = .006
Yes 109 (25.5) 67 (20.2) 129 (34.3)

Abbreviations: ACS-US, atypical squamous cells of undetermined significance; COC, combined oral contraception; DMPA, depomedroxyprogesterone acetate;

L6M, last 6 months; L12M, last 12 months; NHC, nonhormonal contraception.

a

Comparing DMPA users vs NHC users.

® Comparing COC users vs NHC users.

¢ Includes laboratory detection of chlamydia, gonorrhea, or syphilis.

9 Diagnosed at 6-month follow-up.

was restricted to oncogenic HPV infections only (P = .043).
After adjustment for age, study site, number of lifetime sexual
partners, cytology, incident vs prevalent HPV infection, and
duration of COC and DMPA use, current COC use remained
significantly associated with a reduced risk of any HPV clear-
ance (P = .008) as well as oncogenic HPV clearance (P = .002).
Current DMPA users were found to have a nonstatistically
significant lower risk of clearance in both univariate and
multivariate analysis.

CONCLUSIONS

We have previously reported an increase in HPV prevalence
among women with long-duration (>6 years) COC use in
a cohort of long-term hormonal contraceptive users from
Thailand. During prospective follow-up of the same cohort, we
show that current COC users had only a minor and non-
statistically significant 22% increased risk of having a new HPV
DNA type detected during follow-up. In contrast, current COC
users were 85% less likely to clear HR-HPV infection.
Inferring causal associations between COC use and HPV in-
fection are difficult. Even when adjusting for sexual behavior,
unmeasured behaviors (eg, underreporting or unknown risk
from male sex partners) may result in residual confounding,
and this could explain the residual increased risk of new HPV
DNA detection observed in our study. Alternatively, a more
biologically causal model has been hypothesized, where estrogen
increases susceptibility to viral infection through maintenance

of cervical ectopy [24-26]. We attempted to directly explore
this hypothesis by measuring the presence of ectopy in this
study using acetic acid application. While we did see that COC
use was associated with a diagnosis of cervical ectopy at 6-month
follow-up, ectopy was not associated with HPV clearance or
new HPV detection in this study.

The association between HPV clearance and hormonal con-
traceptive use has not been consistent across studies. Studies of
college-aged women [27, 28] and high-risk adolescent women
[29] which had limited sample sizes (N << 400) have not found
an association between HPV persistence and current COC use,
whereas a larger study (N = 1166) conducted among women
20-29 years of age in Denmark with a longer history of exposure
to COCs did report an association of current COC use with
a reduced risk of viral clearance [30]. Only the latter study used
a population-based sample; it is possible that selection bias in
studies recruiting from college campuses and high-risk ado-
lescents may explain some of the discrepancy. Another large
population-based study [31] did not show an association
between oral contraceptive use and HPV persistence; how-
ever, COC use was evaluated only as “ever/never” at base-
line. Because both the association of COC use between both
HPV and cervical cancer outcomes has been shown to be
specific to timing and duration of use, misclassification of the
relevant exposure in this study may have attenuated the results
to the null.

Hormonal contraception has been hypothesized to facilitate
HPV-mediated cervical carcinogenesis through a variety of
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Table 2. Association of Demographic, Reproductive History, Contraceptive Use, Sexual Behavior, and Clinical Variables and Incident

HPV and HR-HPV Infection Status

Any HPV infection

Any HR-HPV infection

Variable OR (95% CI) aOR’ (95% Cl) OR (95% CI) aOR’ (95% Cl)
Age (y)

<26 1.69 (1.13-2.52) 2.02 (1.31-3.12) 2.36 (1.43-3.89) 2.23 (1.25-3.99)

26-30 1.67 (1.16-2.39) 1.56 (1.09-2.22) 2.06 (1.28-3.30) 1.90 (1.18-3.06)

31-33 2.14 (1.38-3.29) 1.58 (1.06-2.35) 2.40 (1.36-4.25) 2.18 (1.32-3.62)

34-38 1.0 1.0 1.0 1.0
Study site

North 1.0 1.0 1.0 1.0

Northeast 0.85 (.56-1.29) 0.94 (.61-1.45) 0.80 (.47-1.37) 0.91 (.563-1.58)

South 1.20 (.83-1.72) 1.08 (.75-1.57) 1.14 (.73-1.77) 1.05 (.67-1.67)

Central 2.15 (1.47-3.14) 2.21 (1.52-3.21) 2.04 (1.29-3.23) 2.23 (1.41-3.53)
Contraceptive use

NHC 1.0 1.0 1.0 1.0

DMPA 0.92 (.64-1.33) .90 (.63-1.31) .88 (.56-1.38) .87 (.65-1.35)

CcocC 1.42 (1.05-1.92) 1.27 (.93-1.74) 1.35 (.92-1.99) 1.22 (.81-1.83)
No. of lifetime partners

1 1.0 1.0 1.0 1.0

2 1.54 (1.08-2.20) 1.48 (1.04-2.11) 1.35 (.84-2.18) 1.26 (.78-2.04)

3 3.26 (1.99-5.34) 3.21(1.99-5.17) 3.23 (1.85-5.64) 3.23 (1.89-5.50)

=4 2.77 (1.82-4.23) 2.23 (1.47-3.39) 2.61 (1.563-4.45) 2.03 (1.18-3.50)
No. of partners L6M

1 1.0 1.0 1.0 1.0

>1 3.60 (1.34-9.71) 1.41 (.33-6.05) 4.98 (1.86-13.3) 1.78 (.32-10.01)
New partner L12M

No 1.0 1.0 1.0 1.0

Yes 3.31 (1.42-7.70) 2.44 (.71-8.45) 4.25 (1.84-9.78) 2.62 (.64-10.6)
Cervical ectopy

No 1.0 1.0 1.0 1.0

Yes 1.13 (.85-1.50) 1.09 (.79-1.49) 1.11 (.78-1.567) 1.06 (.71-1.57)
Bacterial vaginosis

No 1.0 1.0 1.0 1.0

Yes 2.56 (1.59-4.14) 2.85 (1.74-4.67) 3.07 (1.74-5.41) 3.45 (1.96-6.08)

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; COC, combined oral contraception; DMPA, depomedroxyprogesterone acetate; HPV, human
papillomavirus; HR-HPV, HPV types considered to be high risk; L6M, last 6 months; L12M, last 12 months; NHC, nonhormonal contraception; OR, odds ratio.

@ All variables mutually adjusted for.

pathways such as increased expression of viral oncogenes [3-8]
and tumor promotion and persistence [9-11]. We have re-
cently shown that human peripheral blood mononuclear cells
stimulated with HPV 16 virus-like particles and treated with
estradiol and progesterone have lower concentrations of
interferon-v, interleukin-12p70, and tumor necrosis factor—a
production and increased concentrations of interleukin-10,
transforming growth factor—f, and forkhead box p3 gene
expression compared with nonhormone-treated cells [32].
These findings, taken together with the current observation of
a decreased risk of HPV clearance among COC users, suggest
that estrogen/progesterone may also increase the risk of in-
vasive cervical cancer by suppressing the host immunologic
response to infection. It will be important to consider this

hypothesis in addition to more direct carcinogenic effects of sex
hormones when developing and evaluating in vitro and animal
models of hormone-mediated cancers.

Our study has several limitations that need to be considered
in drawing inferences from our findings. First, this study had
a sampling interval of 6 months; thus, some women may have
acquired or cleared infections between the study visits which
could result in an underestimation of the number of incident
infections and an overestimation of viral persistence. However,
the goal of this study was to assess the role of a specific exposure
(hormonal contraceptive use) on the relative, not absolute,
risk of clearance and new detection. Assuming that the over-
estimation in duration of infection is nondifferential with re-
spect to hormonal contraceptive use categories, there should
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Figure 1. Odds ratios of the association of current hormonal contraceptive use and new detection of any and any HR-HPV type. Multivariate models are
adjusted for age, study site, number of lifetime and recent sexual partners, having a new sexual partner, concurrent diagnosis of bacterial vaginosis, and
presence of cervical ectopy. Reference category is women who report use of nonhormonal contraceptive methods or report nonuse.

Table 3. Association of Demographic, Reproductive History, Contraceptive Use, Sexual Behavior, and Clinical Variables and Clearance
of Any HPV and HR-HPV Infection

Any HPV infection Any HR-HPV infection

Variable HR (95% CI) aHR" (95% Cl) HR (95% CI) aHR" (95% Cl)
Age (y)

<26 1.0 1.0 1.0 1.0

26-30 0.78 (.57-1.06) 0.79 (.58-1.07) 0.92 (.59-1.40) 1.08 (.69-1.68)

31-33 0.87 (.64-1.18) 0.88 (.65-1.20) 0.92 (.59-1.42) 0.98 (.64-1.50)

34-38 0.79 (.57-1.09) 0.86 (.62-1.18) 0.71 (.44-1.15) 0.83 (.52-1.33)
Study site

North 1.0 1.0 1.0 1.0

Northeast 0.73 (.54-1.00) 0.86 (.62-1.18) 0.62 (.39-.98) 0.92 (.56-1.50)

South 0.94 (.72-1.24) 0.99 (.75-1.31) 0.97 (.66-1.44) 1.15 (.78-1.70)

Central 0.72 (.54-.95) 0.73 (.54-.98) 0.65 (.44-.98) 0.87 (.57-1.34)
Contraceptive use

NHC 1.0 1.0 1.0 1.0

DMPA 0.99 (.74-1.33) 0.75 (.50-1.13) 0.86 (.57-1.31) 0.78 (.45-1.37)

CcocC 0.78 (.61-.99) 0.67 (.49-.93) 0.69 (.49-.98) 0.58 (.37-.94)
No. of partners L6M

0 1.0 1.0 1.0 1.0

1 0.78 (.43-1.42) 1.12 (.48-2.58) 0.52 (.13-2.10) 2.45 (.11-53.0)

>1 1.46 (.56-3.82) 1.02 (.37-2.85) 0.70 (.13-3.70) 3.13(.13-75.0)
No. of lifetime partners

1 1.0 1.0 1.0 1.0

2 0.65 (.48-.87) 0.61 (.45-.82) 0.82 (.55-1.22) 0.86 (.56-1.31)

3 0.91 (.64-1.31) 0.84 (.68-1.21) 0.93 (.57-1.53) 0.99 (.69-1.66)

=4 1.11 (.84-1.48) 1.06 (.80-1.39) 1.09 (.77-1.53) 1.04 (.69-1.57)
Cervical ectopy

No 1.0 1.0 1.0 1.0

Yes 0.88 (.70-1.11) 0.85 (.62-1.17) 0.78 (.566-1.09) 0.76 (.49-1.18)
HPV infection type

Prevalent 1.0 1.0 1.0 1.0

Incident 2.86 (2.24-3.65) 3.25 (2.55-4.15) 2.78 (1.93-3.90) 3.01 (2.08-4.34)

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; COC, combined oral contraception; DMPA, depomedroxyprogesterone acetate; HPV, human

papillomavirus; HR, hazard ratio; HR-HPV, HPV types considered to be high risk; L6M, last 6 months; NHC, nonhormonal contraception.
@ All variables mutually adjusted for.
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Figure 2. Hazard ratios for the association of current hormonal contraceptive use on risk of clearance of any HPV and any HR-HPV infection. Multivariate
models are adjusted for age, study site, number of lifetime sexual partners, cytology, presence of cervical ectopy, incident vs prevalent HPV infection, and
Papanicolaou test status at last visit. Reference category is women who report use of nonhormonal contraceptive methods or report nonuse.

be minimal impact of this bias on estimates of relative risk.
Second, given the relatively short follow-up (18 months) in this
study, we had little power to detect a difference in HPV clearance
among incident versus prevalent HPV infections. While the
adjusted hazard ratio for HPV clearance among COC users was
strengthened, not attenuated, after adjustment for infection
status (ie, prevalent vs incident), it will be important to estimate
risk of clearance among COC users in a larger study following
initial detection. Third, even though every effort was made
to control for the potential effects of sexual behavior (eg, ex-
cluding women who report commercial sex work), unmeasured
sexual behaviors may still be confounding the observed asso-
ciations. Fourth, condom use was significantly higher among
the NHC use group compared with users of COC or DMPA.
Because condom users in this study were more likely to report
>4 lifetime sexual partners (11.4% vs 5.2%; P < .001) inclusion
of condom users within the NHC use category may have led
to an underestimation of the association of hormonal contra-
ceptive use with new detection of HPV. However, when we
excluded condom users from both the nonhormonal and hor-
monal contraceptive groups, the point estimates and significance
of the association of hormonal contraceptive use with longi-
tudinal endpoints of HPV infection did not change (data not
shown).

The generalizability of these study findings may be limited.
The number of prevalent HPV infections and cervical precancer
in this study is higher than previously reported in Thailand [33].
Given the observed consistent association of COC use on cer-
vical cancer risk, this study may have oversampled women at
elevated risk for development of precancerous lesions, thereby
resulting in a higher prevalence of HPV. However, restricting
the study population to women with normal cytology did not
significantly affect the association (data not shown). Alternatively,
the current study sampled a more narrow age distribution and
a broader geographic area (including the capital Bangkok), and
employed more sensitive genotyping methodologies. These

differences in study design may also contribute to the higher
prevalence of HPV observed in our study.

In summary, the current study identified current COC use to
be more strongly associated with a reduced risk of HPV clear-
ance, rather than new HPV detection, in a group of Thai women
aged 20-37 years who were long-term hormonal contraceptive
users. These results suggest that increased sexual risk among
COC users may not fully explain the association between oral
contraceptive use and HPV/cervical cancer. Additional work
on the epidemiologic and biological relationship of female
reproductive hormones on the virus/host interaction will be
critical to identify strategies for translation of this association
to disease prevention and treatment.
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